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ABSTRACT 
International Journal of Exercise Science 13(6): 183-196, 2020. The purpose of this study was to measure 
the generating effects of Contrast Training (CT) on 6-hour post-activation potentiation (PAP) and its influence on 
jumping and on on-ice repeated sprint performance in ice hockey players. Forty-one participants were divided in 
two groups: experimental (EG) and control group (CG). The EG followed the CT PAP protocol which consisted of 
5 sets of 5 half inertia back squat superset with 6 squat jumps. The effects of PAP were measured with the vertical 
countermovement jump (CMJ), stationary broad jump (BJ) and 9 repeated on ice 40-meter maximal sprints with 
hockey equipment. Results showed that the PAP generated by the CT protocol had no significant impact (p ≥ 0.05) 
on CMJ, BJ, blood lactate concentration, heart rate peak and rated perceived exertion as EG and CG group presented 
no significant differences in improvement. However, results show that there was a significant improvement (p < 
0.05) for the EG in the total sprint time (-5.5 ± 2.6%; 56.2 ± 4.7 to 53.1 ± 3.9sec) mean sprint speed (+5.9 ± 3.0%; 6.4 ± 
0.5 to 6.8 ± 0.5m/s) and in 1st sprint speed (+7.4% ± 5.9; 7.3 ± 0.7 to 7.8 ± 0.6m/s), but not for the CG (-1.4 ± 5.1%; 
58.0 ± 5.4 to 57.2 ± 6.4sec), (+1.7 ± 5.1 %; 6.3 ± 0.6 to 6.4 ± 0.6m/s) and (+1.9 ± 7.7%; 6.9 ± 0.7 to 7.0 ± 0.7m/s) 
respectively. Thus, results show that the CT protocol utilized in this study generated PAP which had an acute effect 
on the on-ice hockey repeated sprint test performance. Therefore, CT could be utilized punctually to improve 
repeated sprint performance of elite hockey players as it could potentially help create odd man rushes during 
games. 
 
KEY WORDS: Resistance training, complex training, skating speed, plyometric, rate of force 
development 
 
INTRODUCTION 
 
Ice hockey is one of the most physically and physiologically complete sports (48). It requires its 
players to develop agility, power and excellent stick handling as well as being ready to give and 
absorb physical contact (16, 64). Particularly for these reasons, strength and conditioning 
coaches can be a great asset for players trying to increase their physical performance. 
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Several training methods have already shown to help increase strength and power among 
athletes (26, 33, 68). One of these methods consists of training with relatively heavy loads (80 - 
90% of 1 RM) since it has been shown that a greater increase in muscle power and strength 
occurs than when working with lighter loads (29, 58). Another method that has shown to 
increase an athlete’s power and rate of force development (RFD) is plyometric training (3, 15, 
17, 40). In fact, this method has led to improvements in strength, speed, power, change of 
direction, balance, and jumping performance in dynamic movements, such as sprinting ability, 
by improving storage and utilization of elastic strain energy, increasing involuntary nervous 
reflexes, enhancing length-tension characteristics, motor coordination and muscular pre-activity 
(4, 5, 8, 22, 39, 41, 43, 45).  
 
A more recent concept known as post-activation potentiation (PAP) has emerged as a way to 
quickly increase an athlete’s power development over a short period of time and is defined by 
Robbins (56) "as a phenomenon by which the force exerted by a muscle is increased due to its 
previous contraction". Thereby, PAP increases the excitability of the central nervous system and 
produces an increase in contractile function due to a heavy load stimulus (55). PAP is typically 
induced from maximum voluntary concentric and eccentric contractions, as well as submaximal 
isometric contractions (47). Hence, generating PAP through specific training protocols prior to 
competition, for example, increasing performance in hockey players, could be a better option to 
conventional warm-up techniques, as it could enhance performance in explosive sports (25). 
Nonetheless, it must be indicated that the training protocol used is important since fatiguing 
muscle contractions might impair muscle performance, but non-fatiguing brief muscle 
contractions under heavy loads could enhance muscle performance (60). In other words, 
strength training fatigue has to dissipate at a faster rate than PAP effects so that a potentiation 
of a subsequent explosive performance can be realized within the recovery window (62).  
 
Although the majority of the literature shows that the PAP effects last between 5-30 minutes (18, 
24, 25, 32, 36, 56, 66), some other publications state that it’s neural effects could last between 6 
and 24 hours (6, 10, 11, 19, 23, 53, 63). To this day, it is clear that many factors have to be taken 
into account when trying to induce PAP. Despite PAP’s current popularity; no studies have 
examined the effectiveness of Contrast Training (CT), which combines weight training and 
plyometric, the day of an ice hockey game. Complex training or CT method is a term credited 
to Verkhoshansky and developed by track and Field coach Gilles Cometti (13, 65). This method 
consists of combining a heavy compound exercise (80% 1 RM) followed by a plyometric 
movement that has similar biomechanical characteristics (56). 
 
The purpose of this study was to measure the acute response coming from the generating effects 
of CT on PAP and its influence on power development over a longer period of time. Thus, the 
hypothesis of this study was that conducting a CT protocol 6 hours prior to a power activity 
would generate post-activation potentiation that would improve performance on vertical 
counter movement jump (CMJ), broad jump (BJ) and on-ice repeated sprint performance on elite 
midget and junior ice-hockey players. This hypothesis was based on previous work that 
demonstrated the PAP phenomenon could last between 6-24 hours compared to the traditional 
PAP window (less than 30 minutes) (11, 12, 19, 23, 50, 63). We believe that this training modality 
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will exhibit more favorable outcomes in measures of hockey performance by increasing the rate 
of force development (RFD) compared to other training modalities. Also, the time frame chosen 
in this study (6 hours prior testing) correspond best with the "game day" routine of a hockey 
player. Additionally, Moreover, Cook et al. (14) and Bompa and Buzzichelli (6) have already 
illustrated the benefits of resistance training the morning six hours before a competition. The 
results of this study could lead to strength and conditioning coaches working with hockey 
players utilizing PAP as a tool to increase on ice repeated sprint performance the day of the 
competition. 
 
METHODS 
 
Participants 
Subjects (n = 41) participating in this study were elite midget or junior hockey players (Midget 
AAA or QMHJL), that were at least 15 to 21 years of age (16.63 ± 1.51yrs) with a minimum of 1 
year of strength training experience (2.88 ± 1.50yrs). Following the preliminary testing session, 
participants were assigned to EG (n = 21) or CG (n = 20). Prior to data collection, an ethical 
certificate (IRB No 1508) was obtained through the University of Quebec at Montreal’s (UQÀM) 
institutional review board committee. This research was carried out fully in accordance to the 
ethical standards of the International Journal of Exercise Science (49). All participants were 
voluntary subjects that received no financial compensation and signed an informed consent. 
Participant’s less than 18 years of age had the waiver signed by their parents or guardian. Both 
group’s characteristics are presented in Table 1.  
 
Table 1. Experimental and Control Group Characteristics. 

 Experimental Group (n = 21) Control Group (n = 20) 
Age (years) 16.8 ± 1.3 16.4 ± 1.7 
Height (cm) 177.3 ± 6.1 181.6 ± 5.3* 
Weight (lbs) 166.8 ± 8.6 169.6 ± 7.3* 
BMI (kg/m2) 24.1 ± 2.0 23.6 ± 2.1 
Body fat % 11.1 ± 1.7 13.4 ± 3.4 
Lean body mass (lbs) 145.6 ± 6.8 145.6 ± 6.4 
Strength training experience (years) 3.4 ± 1.6 2.3 ± 1.2* 

Note. Values are means (SD); * indicates Control Group significantly different at p < .05 
 
In this controlled study, the majority of the subjects with a lower body fat percentage were in 
the EG group with an estimated 1RM of 151.3 ± 26.7 kg and a relative strength ratio of 1.78 (kg 
of weight squatted/kg of bodyweight). The estimated 1RM was measured with the Brzycki 
formula (9). The attribution of EG vs CG (responder’s vs non-responders) participants was made 
to increase the chances of success utilizing a training modality to increase potentiation prior to 
competition. Therefore, it is important that strength and conditioning coaches expect CT PAP 
method to be more effective on athletes that have a higher relative strength ratio (minimum 1.5 
x bodyweight) compared to those with an inferior relative strength ratio (36). Previous 
investigations have shown that body composition is related to a hockey player’s performance 
(51), that excess body fat decreases functional capacity and athletic performance (46), that the 
relative strength (weight/body weight) of the athlete would be a predictor for effectively using 
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the PAP method (12, 30, 34) and that the level of training of athletes has been shown to be a good 
predictor of PAP performance (12). One of the factors that may explain these results would be 
the conditioning of the athletes who are predisposed to be more resistant to fatigue will require 
shorter rest periods following a weight training session with 80% 1RM (54). 
 
Protocol 
This study was designed to examine the effect of a CT PAP generating protocol on jumping and 
on ice hockey player’s repeated sprint performance. Experimental design consisted of two 
groups, experimental (EG) and control (CG), matched for skill level and a minimum of resistance 
training experience undergoing pre-and post-intervention measures to examine the effect of 
PAP on jumping and on-ice repeated sprint performance. During the pre-testing session, both 
groups’ jumping and repeated sprint performance were assessed. During the post-testing 
session (72 hours later), the same assessments were run with EG executing a CT session 6 hours 
prior to the testing session. PAP effect was then measured by comparing both group’s results 
and improvement difference.  
 
Data collection was conducted in February 2017, at this time of the year; subjects would attend 
10 hours of on ice practice (2:00-4:00 PM Monday-Friday) with 2 hours of strength training 
(Tuesday and Wednesday from 12:45-1:45 PM). Participants were asked to not train 48 hours 
prior, although no instructions were given regarding nutrition and beverage restrictions before 
protocol. Both groups had their performance measures taken at the same time of day, i.e., in the 
evening (around 7:00 PM ET) to mimic evening hockey game conditions.  
 
At the start of the first testing session, participant’s height, weight and body fat % were 
measured before performance tests. Body fat % was estimated with 10 skinfolds (chin, cheek, 
pectoral, triceps, mid axillary, supra-iliac, umbilical, subscapular, knee and calf) with the Zwiren 
& Allen equation sites (1, 69). The BJ was measured with a method of having subjects stand 
stationary behind a line and jumping distance was measured from toes (line) to the closest heel 
and CMJ jump height was measured using a Bosco mat (37). For the CMJ, the participants would 
bend their knees and lower their arms to jump as high as they could while keeping their legs 
straight. The Bosco mat measured jump height through flight time. The best of 2 attempts was 
retained for each jump test. These off-ice tests have a direct applicability of the lower body 
muscular power and have a direct ability to measure dynamic muscular power which is 
associated with on-ice performance in speed and skating acceleration in elite hockey players (20, 
31, 35, 38). Following the jump testing session (CMJ & BJ), participants had 15 minutes to put on 
all their regular hockey gear (ex: Underwear, socks, shin guards, shoulder pads, elbow pads, 
skate, hockey pants, helmet, gloves etc.) before the repeated sprint test. The on-ice repeated 
sprint test included 9 sprints of 40 m each (approximately 5 seconds) interspersed with 3 seconds 
of recovery which allowed the subjects to execute a 180° turn in order to return to the finish line, 
which would now become the starting line of their next sprint. This test mimics a hockey player’s 
typical shift which lasts between 30 and 80 seconds and involves intermittent work with 
maximal-intensity efforts of 3-5 seconds alternated with low-intensity efforts where the player 
glides on the ice (16, 48, 52). The 40-meter sprint distance is equivalent to almost 2/3 of an ice 
rink (61 meters) and represents a hockey player getting puck possession deep in their defensive 
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zone and entering the offensive zone (7). In addition, a total of 9 repeated sprints allowed 
increasing significance of fatigue index.  
 
Sprint performance was measured with photo cells timing gates, placed at the start and at the 
end of the test at 0- and 40-meter lines. The side start was the starting position for all the repeated 
sprints. Heart rate monitoring was done using a heart rate monitor (RS400, Polar, FI). After 
completing the 9 repeated sprints, the players rated their perception of effort using a Borg scale 
and then a lactate (Lactate Pro, Akray, Japan). Lactate measurement was performed using a 
capillary blood sample taken from the participant’s left index finger 3 min after all the repeated 
sprints test in a seated position. At the end of the last sprint, the subjects were instructed to 
decelerate, and then skate back to the player bench to sit and wait for the fingertip sampling. 
Indeed, Taoutaou et al.(61) reported that post-exercise peak [La] was attained at approximately 
3 min post-exercise when no active recovery was performed. 
 
Following the first session, participants were divided into two groups: experimental group (EG) 
and control group (CG). The EG was composed of the participants who had the highest average 
score in the long and vertical jump in the first session. The EG group characteristics selection 
was based on current literature research that have demonstrated that individuals obtaining 
better results at the vertical (CMJ) and broad jump (BJ) test generally possess a higher proportion 
of type 2 fibres and therefore have a greater potential to respond to PAP in a targeted muscle 
group (2, 27, 28). 
 
The EG performed the CT PAP generating protocol six hours prior to second testing session. 
The protocol had subjects execute a superset of 5 sets of 5 repetitions (85% 1RM) of inertia back 
squat with a 4-X-0-1 tempo followed by 6 squat jumps and 180 seconds of rest. The subject’s 
1RM was estimated based on their previous individual weightlifting sessions and corrected with 
a predicted 5RM that was used during the warm-up. The warm-up consisted of four sets: the 
first set with 8 reps at 50% of 5RM, second set with 6 reps at 65% of 5RM, third set with 5 reps 
at 80% of 5RM and the fourth set with 5 reps at 90% of 5RM. The process consisted of trials and 
errors to establish a starting weight as close as possible to the 5RM of the athlete. The squat rack 
safety pins were set so that participants would squat to 90°of knee flexion before setting the 
barbell on the pins to control the inertia and the range of motion of each repetition. 
 
The third session, which took place 72 hours after the first, involved the participants repeating 
the BJ, CMJ and on-ice repeated sprint tests as previously stated. A mandatory warm up was 
performed before each of the 3 sessions and is presented in Table 2. A summary of the 
experimental procedures and its schedule are presented in Table 3. 
 
Please note that even if groups had a significant difference in starting capabilities, this research 
was able to compare across groups since the statistical analysis was performed for Intra (within) 
group comparisons. In fact, the statistical analysis model was based on a two factor (time x 
group) ANOVA for repeated measures. Thus, the within group analysis for CMJ and BJ across 
time in both groups was not significantly different, but the Inter group analysis revealed that at 
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time 1 (pre-intervention) a significant difference between groups was present because of their 
starting capabilities. 
 
Table 2. Dynamic Warm-up. 

Exercise Sets (No) Distance (m) Time (sec) 
Light jogging 1 20 120 
High knees 2 20 30 
Heels to butt 2 20 30 
Carioca 4 20 60 
Dynamic lunges with rotation 2 20 30 
Hip rotation 4 20 60 
Lateral lunges 4 20 60 
Backward lunges reach and twist 2 20 30 
Leg swings 2 20 60 
Front tuck to sprint 6 20 120 

 
 
Table 3. Experimental procedures. 

Day Time Session Groups Tests 
Day 1 7:00 pm Session 1 Experimental 

Control 
Height 
Weight 

Body fat % 
Vertical jump 
Broad jump 

Repeated sprint test 
Day 2 1:00 pm Session 2 Experimental Contrast training session 
 7:00 pm Session 3 Experimental 

Control 
Vertical jump 
Broad jump 

Repeated sprint test 
 
Statistical Analysis 
Results are presented as means (AVG) and standard deviation (SD). Since our sample was made 
of a total of 41 participants distributed into two groups, the Shapiro-Wilk test was used to verify 
normality distribution within groups. The sample size was based on a 5% improvement on the 
primary outcome measure of sprint 1 speed (see Table 4). Based on pre and post intervention 
improvement (one-sided) in average sprint 1 speed and pooled SD, it was calculated that at a 
sample size of 20 per group would yield a statistical power (ẞ) of at least 0.8 using an alpha of 
0.05. Anthropometric measurements of both groups were compared with independent samples 
t-tests, while the differences between the control and experimental groups were calculated using 
a two factor repeated measures ANOVA (Group X time). If a difference was detected, a post hoc 
test was conducted for pairwise comparison using a Bonferroni correction. Significance was set 
at p < 0.05. All statistical analyses were conducted with SPSS software (version 21). 
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RESULTS 
 
There was no significant difference (p ≥ 0.05) between pre-and post CMJ test results for EG (+0.1; 
69.8 to 69 cm) and CG (+2.2%; 58.0 to 59.2 cm). There was a significant difference (p < 0.05) 
between pre-and post BJ test results for the EG (+4.8%; 254.1 to 266.3 cm) and CG (+3.0%; 230.6 
vs 237.4 cm). Most importantly, there was a significant improvement (p < 0.05) for the EG in the 
total sprint time (-5.5%; 56.2 to 53.1 sec) mean sprint speed (+5.9%; 6.4 to 6.8 m/s) and in 1st 
sprint speed (+7.4%; 7.3 to 7.8 m/s), but none for the control group (-1.4%; 58.0 to 57.2 sec), 
(+1.7%; 6.3 to 6.4 m/s) and (+1.9%; 6.9 to 7.0 m/s) respectively. Blood lactate concentration, heart 
rate peak and rate of perceived exertion (RPE) did not significantly improve (p ≥ 0.05) for EG (-
4.9%; 13.0 to 11.1 mmol*L-1) (-0.2 %; 158.2 to 156.2 bpm) (+7.3 %; 13.2 to 13.9 Borg6-20) and CG (-
2.2%; 12.4 to 11.6 mmol*L-1) (-0.9 %; 158 to 157 bpm) (+3.9%; 13.7 to 14.1 Borg6-20). All 
performance testing results are presented in table 4. 
 
Table 4. Physical and physiological responses before and after post activation potentiation. 
 Experimental Group (EG) Control Group (CG) EG % 

Improvement 
Difference to 

CG 

 
Pre Post (%Δ) Pre Post (%Δ) 

Vertical jump 
(cm) 69.8* ± 6.6 69.7* ± 5.9 -0.1 ± 5.9 58.0 ± 4.7 59.2 ± 4.9 +2.2 ± 5.5 -2.1 

Broad jump 
(cm) 254.1* ± 17.2 266.3*† ± 19.2 +4.8† ± 4.6 230.6 ± 9.7 237.4† ± 11.3 +3.0† ± 3.9 +1.8 

Total sprint 
time (sec) 56.2 ± 4.7 53.1*† ± 3.9 -5.5*† ± 2.6 58.0 ± 5.4 57.2 ± 6.4 -1.4 ± 5.1 -4.1 

Mean sprint 
speed (m/s) 6.4 ± 0.5 6.8*† ± 0.5 +5.9† ± 3.0 6.3 ± 0.6 6.4 ± 0.6 +1.7 ± 5.1 +4.3 

Sprint 1 speed 
(m/s) 7.3 ± 0.7 7.8*† ± 0.6 +7.4† ± 5.9 6.9 ± 0.7 7.0 ± 0.7 +1.9 ± 7.7 +5.5 

Lactate 
(mmol*L-1) 13.0 ± 4.3 11.1 ± 2.6 -4.9 ± 40.3 12.4 ± 4.4 11.6 ± 3.2 -2.2 ± 36.3 -2.7 

HRPEAK (bpm) 158.2 ± 14.5 156.2 ± 13.1 -0.2 ± 14.9 158 ± 18.9 157 ± 19.1 -0.9 ± 17.9 +0.7 

RPE  
(Borg6-20) 

13.2 ± 2.5 13.9 ± 2.1 +7.3 ± 18.8 13.7 ± 2.0 14.1 ± 2.2 +3.9 ± 16.5 +3.4 

Note. *significantly different to control group, p < 0.05; † significantly improved (Pre to Post), p < 0.05; Mean (SD); 
%Δ indicates percent difference between pre-and post; Bold characters indicate significant differences. HRPEAK: 
Heart Rate Peak; RPE: Rate of Perceived Exertion 
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Figure 1. The effect of CT on repeated sprint time and speed. A) Sprint time (sec) as a function of sprint number 
(No). Sprint No 1 and 2 were significantly quicker in all groups regardless of pre or post CT (top dark horizontal 
bar). In the Exp (experimental group) the post CT sprint time was quicker for all sprints No when compared to all 
other groups (bottom dark horizontal bar). B) Skating speed (m*s-1) as a function of sprint number (No). Similar to 
A), Sprint No 1 and 2 were significantly quicker as well as the Exp_post for all sprints No when compared to all 
other groups. Each data point represents mean and error bars are SEM. Circles represent Control Group (CTL) pre 
(white) and post (black). Triangles represent Experimental Group (Exp) pre (white) and post (black). 
 
DISCUSSION 
 
The main finding of this study is that contrast training completed six hours prior to an on-ice 
repeated sprint test induces PAP and reduces elite ice hockey player’s total sprint time, 
improves their average speed and 1st sprint speed. This was confirmed by the fact that all 
participants seem to have provided the same effort (no significant difference between the two 
groups, pre-and post-intervention, for blood lactate, heart rate, and score on the Borg scale). 
Thus, the improvements observed in the repeated sprint test seem to be generated by the 
induced PAP coming from an acute response due to the CT protocol and not by a variation in 
motivation or intensity of execution during the pre-and post-intervention tests. 
 
The BJ significantly improved (+4.8%) in the EG group and were significantly different from 
CG. This power metrics tests (BJ) increased speed/time on-ice performance sprints test as 
concluded in the PAP literature (31, 35, 38). Comparing 1st sprint speed percentage point 
difference in improvement (+5.5%) between EG and CG would have a hockey player from the 
EG reach the offensive zone (40m mark) 2.09 m ahead of his opponent from the CG group who 
did not execute a CT protocol. This means that a player creating an odd-man rush will have 
more room and time to make a decision with the possession of the puck. Comparing mean sprint 
speed percentage point difference in improvement (+4.3%) between EG and CG group would 
mean that after 5 sprints, toward the end of the shift, the player from the CG would be 8.25 m 
behind the EG PAP facilitated player. This means that a team having all of its players from the 
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EG competing against players from the CG, could be first on the puck and creating more odd-
man rushes as the play continues. However, even though results of the present study show that 
contrast training can help increase performance in repeated sprints with hockey players, we 
cannot conclude that the duration of this phenomenon will carry on for an entire game as the 
test conducted in this study only included 9 repeated 40-metre sprints. 
 
CT could be viewed as a more effective training protocol since it combines two training methods 
that have the potential to increase PAP: strength training and plyometric. The CT involves heavy 
and slow strength training exercises along with explosive and light exercises and therefore 
would be more effective in increasing potentiation by post-activation (12). Additionally, the 
effect of CT method has already been proven on subsequent ice-hockey sprint performance with 
heavy bands resisted right before sprints with a short rest window of 4 minutes (44). Moreover, 
Cook et al. (14) illustrate the benefits of resistance training the morning six hours before a 
competition, and could lead to an increase in performance. Furthermore, Bompa and Buzzichelli 
(6) found that training with a load over 80% of subject’s 1RM leads to a potentiation 6 to 7 hours 
later and its effects could last up to 24 hours. As well, González-Badillo et al. (23) observed that 
a low volume protocol of 3 sets of 4 repetitions at 80% 1RM will result in a faster recovery of 
performance (within 6 hours). Others studies, found that a short resistance training session in 
the morning resulted in a small-to-moderate (1.3 - 2.7%) improvement in explosive muscle 
performance 6 hours later that could last 48 hours when fatigue is minimized  (10, 14, 19, 45, 53, 
63). 
 
To this date, the theories and methods used to increase PAP have shown negative and positive 
effects on performance, and their benefits are often observed in a very short time window: 
between 5 and 30 minutes (18, 24, 25, 32, 36, 42, 56, 66). The current research adds to the present 
literature by showing that the PAP benefits are still present 6 hours after a training protocol.  
The improvement in the skating speed of the hockey players could be explained by the 
activation of the nervous system that may increase muscle excitability resulting from a voluntary 
contraction induced by the heavy squats that were performed six hours prior to testing (54). This 
neuromuscular ability is related to the muscle fiber recruitment efficiency of the trained group 
to produce the desired movement with explosion and power (65). The improvement in 
performance can also be explained by the physiological phenomena of the phosphorylation of 
myosin light chain, the proportions of fast-twitch muscle fibers and the density of sodium-
potassium pump in the muscles. In fact, Docherty and Hodgson (21, 40) explain that all of these 
phenomena could help optimize performance during post-activation potentiation activity, since 
they allow fatigue to disappear faster than the potentiating effects (59).  
 
As mentioned previously, the results of this study showed that 6 hour PAP did have an effect 
on on-ice repeated sprint performance when comparing EG to CG results, but not on jumping 
performances. The majority of the studies directed towards PAP included a vertical jump or 
sprints instead of a squat jump following the back squat since the energy transfer is better 
biomechanically and physiologically (24). Similarly to the present study, Scott and Docherty 
(59), observed no increase in broad jump and vertical jump performance following a 5RM back 
squat with subjects with at least 1 year of experience in strength training. Therefore, it would be 
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interesting to see if the combination of a back squat and plyometric jump with the identical 
movement (squat jumps) six hours earlier would cause excessive local muscular fatigue 
considering that both movements require rapid force at the levels of the extensors at the hips 
and knees (squat jump vs vertical jump). Another study utilizing a different jumping protocol 
could also have shown PAP effect on vertical jump performance. It is also possible that the time 
widow allocated (6 hours) in the present study could have been too long to observe the benefits 
of the potentiating effects on jump performance. Thus, we could reduce the time window to 3 
hours for the recovery of skeletal muscle contractility after high- and moderate- intensity 
strength exercise (53). 
 
The results presented in this study could lead to further research trying to understand why CT 
protocol did have an effect on repeated sprint performance, but not on jumping performance. 
Also, performing muscular biopsies following this research would help clarify the physiological 
response to CT which helps increase performance through potentiation. The analysis of the 
muscular tissues collected could potentially reveal certain mechanisms that can support the use 
of this method and increase performance in hockey players for the entire duration of their game 
(57, 67). Nevertheless, strength and conditioning specialists who will be utilizing the CT method 
the day of a competition will have to carefully adjust the protocol parameters in order to 
optimize the effects of PAP. 
 
In conclusion, this investigation was able to demonstrate that hockey players that underwent a 
CT protocol six hours prior to on-ice repeated sprint testing improved their performances: 
reducing total sprint time, improving mean sprint speed as well as 1st sprint speed. The 
hypothesis of this study was that conducting a CT protocol 6 hours prior to power activity 
would generate post-activation potentiation and would improve performance on CMJ, BJ and 
repeated sprint performance on elite junior ice hockey players. Results showed that PAP 
generated by the CT protocol had no significant impact on jumping performance but impacted 
significantly repeated sprint performance. Therefore, the hypothesis is partially rejected. 
Thus, results show that the contrast training protocol utilized in this study (5x5 @ 5RM Back 
Squat superset with 6 squat jumps) induced an acute PAP response on repeated sprint 
performance over a 6-hour time frame and is a good tool that could be utilized punctually by 
strength and conditioning coaches working with elite hockey players as it can help create and 
build odd-man rushes. 
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